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FEEBD-NGQZZLE ASSEMBLY——- = —Fhe~hventt+on—+elates to—a-feednozzle ——
f.or intro- ducing a gas and a liquid into a vessel, particularly for
i nt roduci ng steam and hydrocarbon feed into a catal ytic cracki ng
reactor. 5 Wwo09s2764vany oil refinery and chem cal plant uni tRCIVERS6D16E0
nozzles for distributing liquid and/ or gaseous feed to the unit. In
sonme units, the ability of the nozzle to distribute the feed to the
unit is very inportant to the ' productivity of the unit. For exanple,
a catalytic 10 cracking unit is a reactdr For cracking large chain
hydr ocar bon nol ecul es found in crude oil into snmaller and nor e

val uabl e conmerci al products such a%Eﬁgﬁﬁbh?FErﬁgﬁﬁhB hydr ocar bons and
di esel oils. Typically, vacuum istillTates are I ntroduced through
feed nozzles in an 15 upflow riser reactor where the feed is contacted
Wwith regener atrhe RAYehtibwtresatadl twntanlfgetisnoZzbkecdnl nstro-

selrectively aids d %%é%?l %aﬁkang 1 éﬁ&dcyﬁio a vessel, pa59£c3f3¥1Y for

performance of th I'S esse
introduc1ng steam and hydrocarbon feed into a catalytic

cracking reactor.

5 Many oil refinery and chemical plant units utllize
nozzles for distributing liquid and/or gaseous feed to
the unit. In some units, the ability of the nozzle to
distribute the feed to the unit is very important to the
productivity of the unit. For example, a catalytic

10 cracking unit is a reactor for cracking large chain
hydrocarbon molecules found in crude oil into smaller and
more valuable commercial products such as gasoline range
hydrocarbons and diesel oils. Typically, vacuum
distillates are introduced through feed nozzles in an

15 upflow riser reactor where the feed is contacted with
regenerated particulate solid catalysts. The catalyst
selectively aids desirable cracking reactiomns.

For peak performance of the reactor, it is essential
that the nozzle distribute the feed in a fine spray

20 having a uniform coverage and a narrow droplet size
distribution. Such a spray increases the surface area of
the feed droplets and facilitates contacting with the
catalyst particles. Existing nozzles have difficulty,
however, in achieving this desired performance. Some

25 nozzles use very small openings or complex tip design
which easily become plugged by various impurities in the
feed. The down time and replacement expense in repairing
such a blockage is very disadvantageous. Existing nozzles
cannot produce fine droplets and/or a desirable spray

30 pattern.

Accordingly, it would be advantageous to have a
nozzle capable of achieving a narrow distribution of fine
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i ncreases the surface area of the feed droplets and facilitates
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To this ens the fretalenm hydseeabbon{ cintota ovdssiedg for example &or

exanpl e steam andd il cLabkeH§ Peetor)CUetording BB! ERECHERAYAE Ocar bon,
into a vessel, for exanple a catal ytic cracki'ng reactor, according
to fhe present invention comprises:
(a) a nozzle body having a substantially cylindrical
inner tube defining a gas conduit and an outer tube
10 arranged around the inner tube, wherein the outer surface
of the inner tube and the inner surface of the outer tube
define an annular liquid conduit, and wherein each of the
tubes have an inlet end and an opposite ocutlet end;
(b) a first nozzle tip fixedly attached to the outlet end
15 of the inner tube having a substantially cylindrical
inlet end attached to the outlet end of the inner tube
and an opposite dome-shaped outlet end, which dome-shaped
outlet end is provided with at least one passageway;
{c) a second nozzle tip fixedly attached to the outlet
20 end of the outer tube and arranged around the first
nozzle tip, which second nozzle tip has a substantially
cylindrical inlet end attached to the outlet end of the
outer tube and an opposite dome-shaped outlet end
provided with at least one elongated slit having
25 substantially parallel walls, which the dome-shaped
outlet end of the second nozzle tip extends beyond the
dome-shaped outlet end of the first nozzle tip.
The invention will now be described by way of example
in more detail with reference to the accompanying
30 drawings, wherein
Figure 1 shows a longitudinal section of the feed
nozzle assembly of the invention;
Figure 2 shows a longitudinal section of the upper
end of the feed nozzle assembly of the invention drawn to
35 a scale which is larger than the scale of Figure 1:



iI‘nventi on conpri ses: (a) a nozzle body having a substantially

cytindri cal Fer—tube defnirg—a—gas—eenduit and—an—-outertube 10 ..
arranged around the inner tube, wherein the outer surface of the

i nner tube and the inner surface of the outer tube define an

annul ar |iquiWioO#T8¥ t, and wherein each of the t UbeRCTHERSGOENO0 | N| et
end and an opposite outlet end; (b) a first nozzle tip fixedly
attached to the outlet end 15 of the inner tube having a substantially
cylindrical inlet end attached to ¢+h® -outlet end of the inner tube

and an opposite donmesl @%?@d3oghbeg §”9E°ﬁY35”5f3*5P13g@p?€IglggcgﬁdOUt'et

end is provided with ast one passage nozzl e
tip fixedly at t adhe % Whe outlet 20 end of the outer tube and

arranged around the fHigtires 4A, 4Bnoaﬁd6n¢IshowMﬁh%hd&ﬁ@gﬂﬂaﬁéazéﬂtié@ has a

substanti al | n I n t utl et end of
Thas o A erend o Kne"EirER (hitEanS hAARONST o BebEAT ick,
provi ded wPth at §esdsionoddoBgok at tineg | INBHB epd s SeCtlgnb81M|aﬂl¢y

paral l el walls, wvhinh iveeggge- shaped outl et end of the second
nozzle tip extends b h ha t| et nd e first
nozzl e tip. %Mﬁg SA(/en%ﬁ c&% sﬁﬁﬂogg’ed QE‘Pl % o

exanpl e iQFqnﬂfetb6t§PF°nﬂth"fQﬁQﬂkﬂﬂﬂ?ﬂl@ uneaatconpahyVhQWSOa

drawi ngs, wherei nsection along th&UIfnd VWS ahd %ngbb‘éﬂbﬂaﬁléﬁﬁttﬂéz‘ P%né he
f eed noz cevégsenbly of the invention; Fi gure ows a
| ongi tudi nal section &éf the upper end of the feed nozzle assenbly
of the invention drafitguse3§ shows z frantaihivilew of| angaltetmative aftal e of
Figure 1; the dome-shaped outlet end shown in Figure 5A;

Figure 7 shows a sectional view of an alternative of

the dome-shaped outlet end of the first nozzle as shown
15 in Figure 4B drawn to a different scale;

Figure 8 shows a sectional view of an alternative of
the dome-shaped ocutlet end of the second nozzle as shown
in Figure 5B drawn to a different scale:

Figure 9 shows a longitudinal partly-sectional view

20 of a side entry reactor configuration, drawn not to
scale; :

Figures 10A and 10B show a known nozzle from European
patent application publication No. 423 B876.

Reference is made to Figures 1, 2 and 3, showing an

25 embodiment of the invention. The feed nozzle assembly 100
for introducing gas, for example steam, and liquid, for
example a heavy petroleum hydrocarbon, into a vessel (not
shown), for example a catalytic cracking reactor
comprises a nozzle body 101 having a substantially

30 cylindrical inner tube 105 defining a gas conduit 106 and
an outer tube 115 arranged around the inner tube 105,
wherein the outer surface of the inner tube 105 and the
inner surface of the outer tube 115 define an annular
liquid conduit 116. The inner tube 105 has an inlet end

35 120 and an opposite outlet end 130, and the outer tube
115 has an inlet end 125 and an opposite outlet end 135.
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- 3- Figure 3 shows a_section along—Line IIl-11l of

Figure 1, Fi gures 4A, 4B, and 4C show t he domne-shaped outl et
end of the first ("steanl) nozzle in a frontal view, a 5 ‘'section

al ong the |iwgokndgat VB and a section along the | i NePCIVERISNHD10

Fi gures 5A, 5B, and 5C show t he done-shaped outl et end of the
second ("feed") nozzle in a frontal view, a section along the line
VB- VB and a section along the line 10 -V@- VC, Figure 6 shows

a frontal view of an alterpative, of_, . th me: shaped ,out] .end
shown in Figure Fhe central longitudinal; a%‘ﬁémggaggﬁc{‘%%’gﬁt‘m%v&og &
alternative of referretihtodeith steffraenmet nameeadl 36t he first nozzle as

shown 15 . in Figypg ?E%@r fé’&%é@ﬁ%ﬁﬁrﬁﬁb gG2tKer comprises a Figure 8
shows a sectional view of an

end of the second‘fiﬁ'&fzP@zéﬁesﬁjcﬁt\ﬁ“noatéi\;‘%diiynaﬁpﬁﬁpﬁdgggd&gﬁnﬁé‘?‘rg’a egq & Ealr:;t
3?age55i de s,ent r r13d:iog.’utae9i1_sim/st®é dr0fi.t Mbienabzpdet tip sk4Q iamla vi ew 20
2 oo Son oy FRAELISRL} WAl MonoL L attecSB € che
appl ication Fnﬂﬂiqgﬁhq@neﬂg_laggo§7qpe inner tube 98? and an oppééfte
dome-shaped outlet end 142. The dome-shaped outlet end
142 is provided with at least one péssageway 145.

10 The feed nozzle assembly 100 further comprises a
second nozzle tip 150 fixedly attached to the outlet end
135 of the outer tube 115 and arranged around the first
nozzle tip 140. The second nozzle tip 150 has a
substantially cylindrical inlet end 151 attached to the

15 outlet end 135 of the outer tube 115 and an cpposite
dome-shaped outlet end 152 provided with at least one
elongated slit 155 having substantially parallel walls
156 (see Figure 2). The dome-shaped outlet end 152 of the
second nozzle tip 150 extends beyond the dome-shaped

20 outlet end 142 of the first nozzle tip 140.

The inner tube 105 and the outer tube 115 are fixedly
joined by spacer studs 310.

Reference is now made to Figures 4A, 4B, and 4C which
show in particular embodiments, the dome-shaped outlet

25 end 142 of the first ("steam") nozzle tip 140. The first
nozzle tip 140 is provided with two rows of passage-
ways 145. '

The dome-shaped outlet end 142 has a hemi-spherical
shape or a hemi-elliptical shape.

30 The angle formed from substantially the centre (not
shown) of the dome-shaped outlet end 142 through the
length a row of passageways 145 is suitably in the range
of from 45° to 120°, and suitably from 75° to 105°. It
will be understood that when the outlet end 142 is hemi-

35 spherical, the centre is the spherical centre and when



Reference is made to Figures 1, 2 and 3, show ng an 25 enbodi nent of
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30 cylindrical inner tube 105 defining a gas conduit 106 and an
outer tube 115 arranged around the inner tube 105, wherein the

outer surface of the inner tube 105 and tlhe$ - i nner surface of the
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105 has an inlet end 3% an opposite ou end 0, and the
outer tube elliptigal e9rt%¥R<t end 125 and an opposite outlet end 135.
WD 96/ 27647 Reference is now made to Figure®@AFRHS/ WU GC which

- 4- Th ak | | | nal i he_ipn uhe 10

referred to vmet ﬁggé{ﬂeégnggg%%%giré}la ef%cﬁm%imtts, thé %%éfsle}é?f%gzoﬂsgeéssenbl y
100 furthé conpPhded5d second (hydrocasbene fepg”)mozzi@dtip akitc i t o
the outlet end 5secondlRfzsie ttip iVBrerist provided wieh newd Ipatdmeid0 has a

substantial ly cyk?ggégggé %éiﬁg fggj 141 attached to the outlet end

130 of the inner an “opposite
_ The dome-shaped outlet end 152 has a hemi-spherical

. shape or a hemi-elliptical shape. _

10 The angle formed from substantially the centre (not
shown) of the dome-shaped outlet end 152 of the second
nozzle tip 150 through the length of the elongated
slit(s) 155 is substantially contiguous with the angle
formed from the centre of the dome-shaped outlet end 142

15 of the first nozzle tip 140 through the length of the
row(s) 145. It will be understood that when the outlet
end 152 is hemi-sphefical, the centre is the spherical
centre and when the outlet end is hemi-elliptical the
centre is the elliptical centre.

20 The feed nozzle assembly is suitably used in a
process for catalytically cracking a heavy petroleum
hydrocarbon. In such a process a heavy petroleum
hydrocarbon is preheated, mixed with steam, and fed into
a catalytic cracking reactor riser. The heavy petroleum

25 hydrocarbon are then contacted with a cracking catalyst
to produce light hydrocarbons and spent catalyst coated
with fine coke layer. The light hydrocarbons are removed
from the reactor. A portion of the spent catalyst coated
with fine coke layer is passed to a regenerator reactor.

30 At least a portion of the coke is then burned off the
spent catalyst. This results in a regenerated catalyst.

During normal operation of the feed nozzle assembly
100 according to the present invention steam is passed
through the substantially cylindrical inner tube 105 and

35 the heavy hydrocarbon is supplied to the inlet end 125 of




dome- shaped outl et end 142. The done-shaped outlet end 142 is
provided with at | east one passageway 145. 10 The feed nozzle

assenbly 100 further conprises a second nozzle tip 150 fixedly
attached to the outlet end 135 of the outer tube 115 and arranged
around the fiwob627647 nozzle tip 140. The second nozzl e tRqI/EPSéolbRs a
substantially cylindrical inlet end 151 attached to the 15 outlet end
135 of the outer tube 115 and an opposite dome- shaped outl et end
152 provided with at |east one el onggted slit 155 having

substantially parallel walls 156 gsee Fﬁgur%bz . The done-shaped
outl et end 152 of thegouter tube;dis,ang,papaes; thioky Ayl a2z digyed
done- shaped 20 conduit exiénd 142 of the first nozzle tip 140.

The inner tube 105 ang.dhe &%@%g@ﬁcéggs%&g%ﬁ?(g,aﬁs&s injtgio\gﬁ by

spacer studs 310. ) | S DOW 7 gures B, and
4C whi ch Bydreearben meswlEs dnoshenEarming |of @ fine fworrhaseet 25
end 142 of g he fimnsktdre tefindteano bubblespjédfing hehfougli the hydroeazbbe tip

140 is provided %ig%%n;ﬂﬁsﬂ%cgﬁﬁag?' thecsal?conw&z]lgegg:&g 150_is the 'N€

done- shaped out | hem - spheri
heni'-el liptical shapeagemf the mixtyze gfjFEeam ) Heasy fAtFCIRbPal [y t he

I(:ent rﬁ (not f hydsbeatbornfouth@ fdee- Seadenozilé edssunblil/ 2 oohr fmfﬁhf the

450er] to 120] JS??&SW%%#E;‘E@?#%?Lé%?té#?eé g iibitantiatty ° | o0

under st ood® hat whphfemly atomizenhesmixSupenef steam ands fleavivcal , t he

centre is the sphgetgdle@ Hydrciadbdheinto a catalytic cracking reactor
(not shown). This results in a mixture of steam and heavy
petroleum hydrocarbon which is passed into the catalytic
cracking reactor.

15 The passageways 145 out of the outlet end 142 of the
gas conduit 106 do not foul. Fouling due to coking of the
heavy petroleum feed is avoided since the flow of heavy
petroleum feed around the outside of the outlet end 142
of the gas conduit 106 has a cooling heat transfer

20 function. Thus, the temperature at the passageways 142 is
sufficiently low that the contact of steam and heavy
petroleum does not result in coking and blockage of the
passageways 142.

An aspect of the present invéntion is a nozzle

25 assembly for feeding a heavy petroleum hydrocarbon into a
catalytic cracker riser reactor. The nozzle body 101 is
typically oriented horizontally, vertically, or
diagonally into the riser reactor {(not shown). Other
orientations are possible. When vertically oriented, the

30 nozzle body 101 typically will extend upward from the
bottom or inlet end of the reactor. When not vertical,
the nozzle body 101 will typically protrude through the
walls of the reactor in an orientation between vertical
and horizontal. Different orientations will typically

35 - require different outlet designs since the ideal spray
pattern depends on the nozzle orientation. The nozzle
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elliptical centre. Ref erence is now nade to Figures 5A, 5B, and
5C whi ch show in particul ar enbodi nents, the dome-shaped outlet 5
end 152 seconWQ9sizye?ocar bon feed") nozzle tip 150. The PCT/EP96)00010
nozzle tip 150 is provided with two parall el el ongated slits 155.
The done-shaped outlet end 152 has a hem -spheri cal shape or a

hem -elliptical shape. 10 The angle-ﬁonned fron1substant|ally t he

tre (not sh ) t be do qut | et, e 152 of the second
ﬁggzle gip 150 thFﬁﬁﬁﬁBﬁﬁélpénﬁ£ht¥ﬁ €31§Wbéﬁeﬁulte for pny Qf these g
substanti al | y concirdedtatipns thmceugheaconflgurakdpnedffthe1ehungatéde of
the done-shaped oghliels 288 d#2tHe secord cmqeft' kRl Qézésnzbg &?&’% U:ﬁ;h

the length of the 14 be un erstoo
out | et ° &cféﬁvﬁstﬁsﬁé %iﬁﬁéﬂﬁﬁﬂ Fﬁ@tﬁéﬁtre is the spherlcal
centre and 5Wnen t he olfypidcabhv w.’sthlanvemullqaﬂilgabribnted nozzledudy 101,t he

oot cal cent cenosonpates fhoud st st b iSbindn i ablacaie 1
ﬁydrocar bg:}oc:&zsgﬁgﬁ Pg Fogtégrd‘ %&388 n °rderh§ﬁlr%a$iﬁ#6 she
preheat ed, mi xed wpu:laysteaﬁitatiubfcmhdmrm In a sidecenstyincz£ISUGdE
reactor riser. Thq pheayRePEibRGSLER slits 155 or substantially straight

10 lines when viewed from straight on as in Figure 5A.

The first nozzle tip 140 as shown in Figqures 4A-4C is
provided with two rows of passageways 145, in other
embodiments there may only be one passageway, or one row
of passageways depending on the application.

15 The second nozzle tip 150 as shown in Figures S5A-5B
is provided with two parallel elongated slits 155, in
other embodiments there may only be one slot depending on
the application.

The dome-shaped outlet end 142 typically has at least

20 one passageway 145 corresponding with each elongated slit
155 in the outlet end 152 of the second nozzle tip 150.
For example, if the second nozzle tip 150 has two
elongated slits 155, then the first nozzle tip 140 will
have least two corresponding openings passageways 145. A

25 row of passageways 145 can be replaced by a slit.

Typically the passageways 145 in the first nozzle tip
140 will consist of at least one row of small holes which
line up with each corresponding elongated slit 155 in the
second nozzle tip 150. However, the first nozzle tip 140

30 may have more than one row of holes corresponding to each
elongated slit 155 in the second nozzle tip 150,

The angle formed from the centre of the dome-shaped
outlet end 152 of the second nozzle tip 150 through the
length of the elongated slits 155 is preferably

35 substantially contiguous with the angle formed from the
centre of the dome-shaped outlet end 142 of the first




25 hydr ocarbon are then contacted with a cracking catal yst to
produce |ight hydrocarbens-and spent_catal yst._coat ed —_ with fine coke
| ayer. The |ight hydrocarbons are renoved fromthe reactor. A
portion of the spent catal yst coated with fine coke |ayer is passed
to a regenerwo®sn27éenct or. 30 At | east a portion of the POREPSsSIGIDEN
burned off the spent catalyst. This results in a regenerated

catal yst. During normal operation of the feed nozzle assenbly
100 according to the present invention stea® s passed t hrough t he

substantially cyli jic 1 a v, ar bon
I's supplied to tﬁggg Fe?}L% diqgr&’%h Q‘ie Q&d\%aoob‘&l%grﬁ?aoé' J%%ra%%
PCT/ EP96/ 01010 ways 145. - 6- the outer
tS ;Jbe 115 ?nd p?f‘ses shi ealgty t&liltea;mtlﬂb%r 1h504k8 a diamet@rdid tthblﬁ:gnge

eam exiting e ssag S SES, | on
results in the f8fn?ﬁ8mo$m§§lffr%g°5‘t%% ﬁ@sg éﬁchegh L r%réﬁ/ St’eat bubbl es
jetting tHrough Oh@5hpdiéclringhes), or firemuPel2The @ uhd i Girbfindhesdacond

notzzlle tip 150 is tthe dlstaﬂ&s&aﬁedahet-baaﬁbawﬁel@é dicansand eavy
petrol eum

arb out he .fe nozzl e assenb e
second nozzle t|§e¥ Ei?&lﬁ&§ﬁgﬁg yong'%h dome-shaped

outlet end 142 of the first nozzle tip 140 is adapted to
substantially uniformly atomize the mixture of steam and
10 heavy petroleum hydrocarbon into a catalytic cracking
reactor. Suitably the distance between the dome-shaped
outlet end 152 of the second nozzle tip 150 and the dome-
shaped cutlet end 142 of the first nozzle tip 140 is
typically from about 0.006 to 0.030 m (0.25-1.25 inches).
15 The first nozzle tip 140 is fixedly attached to the
outlet end 130 of the inner tube 105, the attachment is
by any conventional means such as a threaded connection
or a welded connection. Such connection is also
applicable to the second nozzle tip 150 attached to the
20 outer tube 115. '

Optionally, an erosion-resistant material is used as
an overlay 158 {(see Figure 5C) at erosion sensitive areas
of the elongated slits 155 and the outlet end 152 of the
second nozzle tip 150, Typically, such areas are the

25 portions of the elongated slits 155 and outlet end 152 in
contact with catalyst particles. Such particles are
abrasive and thus an erosion resistant overlay prolongs
the life of the outlet end. An example of such erosion-
resistant material is STELLITE, trade name for a series

30 of alloys with cobalt, chromium, tungsten and molybdenum
in various proportions.

Reference is now made to Figure 6 which shows a
frontal view of an alternative of the dome-shaped outlet
end 150 shown in Figure 5C. In this embodiment each

35 elongated slit 155 is integrally connected at one point
157 along its walls to provide structural strength.



-10 uniformy atom ze the m xture of steam and heavy petrol eum
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results in a mxture of steam and heavy ~ petrol eum hydrocarbon whi ch
I s passed into the catalytic cracking reactor. 15 The
passageways WOIS23647 of the outlet end 142 of the g RETERASOAOI0 106 do
not foul. Fouling due to coking of the heavy petroleumfeed is

avoi ded since the flow of heavy petrol eum feed around t he outside
of the outlet end 142 of the gas téhduit 106 has a cool i ng heat
transfer 20 fUBG! k08 £dOdiSnodd¥e 'IRAHAYBE BbstREnedSHEERIAYS 142 1S
sufficiently I ow that the contact of_ steama

heav pet ol eum does
not result in cEEeFeRRE BPOE Hil14re the Sqanepéégﬁgﬁﬁﬁyg)lééfine&
An aspect of thdymaesent ofnpassageways d4%4s subsStantiahtgepatyllel faeedi ng
a heavy petrol eymudnacalbetnyitSathal axis 138 Kbl Pi6hAEKET 5t Sie
zzl e bo 0l i t I ed ly,

reactor. The no : “é l#épl ca orien hori zont a
vertical |y, or inner tuBe,3BRa RAlse khe BIEng (@Ot shevp) debined Ry )an O her
orientations arelonyatedeslVbensseis isubdtantiadlyegarabPeBOto theozzl e body

the robet or . waEaL, SopdRbRiindl Widas or ne ThhIE Bhpt 1 F, UV O

e nozz typically
protrude through t however, there arg anpdicatdess.i fornedamRie af9%Hn bet ween
verti cal rized reactopsabith dinrentlypvailablenfoseié depigmd,)y 35

Cootne SR or gL S, EA34HRIG T e LRHeio Blote or endlai"
requires expensive modifications of the apparatus. It
would therefore be desirable to be able to only replace
the feed nozzle in order to adjust the feed injection
angle without the need for other equipment modifications.

15 Reference is now made to Figure 7 which shows a
secticnal view of an alternative of the dome~shaped
outlet end 140 of the first nozzle as shown in Figure 4B
drawn to a different scale. In the embodiment shown, the
angle between the plane 146 defined by a row of passage-

20 ways 145 and the central longitudinal axis 136 of the
inner tube (not shown) is in the range of from 3° to 60°.
Where the nozzle assembly is a side entry into the
reactor this angle will be from about 0°, or about 3° to
about 45°. Where the feed nozzle assembly is a bottom

25 entry, the angle will be greater, for example, from about
0° to about 60, or preferably from about 15° to about
45°, or from about 20° to about 40, or from about 25° to
about 35°. For bottom entry configurations, the angle is
typically toward the centre of the riser reactor from the

30 longitudinal axis of the steam conduit. This angle for
the first nozzle tip passageways in the outlet end will
substantially equal the angle for elongated slits in the
outlet end of the second nozzle tip.

Reference is further made to Figure 8 showing a

35 . sectional view of an alternative of the dome-shaped

outlet end of the second nozzle 150 as shown in
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-7- assenbly 100..of the invention is suited for any of these
orientations since the configuration of the el ongated slits 155 of
t he second outlet end 150 can be nodified to achi eve the desired
spray patter wo 9627647 Typically with a vertically oriepcgtrvermsioc body
101, the elongated slits 155 will be a hal f-nmoon or crescent

shape or other non-linear shape in order to configure the spray to
fit the conduit. In a side entry nozzle bodyo - 101, the el ongated
slits 155 or substantially straight 10 I nes wh vi ewed m strai ght
on as in Figure FAgure 5B, whereip the raé’cglrﬁ)i’flté'eﬁppggﬂop 3ne in

Fi gures 4A-4C i s defined byr eni dbongatédd taldtr 485 ehdphbeagembyal 145, in

ot her emorigTRUkInh 1hR1 FBY3OE S it ARReRATRBECIAYL Mot {OVIn
of passageways deperndin onftg? apgulémuééym W%g _ Tfe Seco nozzl e
tip 150 as shown EaRgre SIS AT o 60%.Where §hg npzaie.fs Y s

el ongated Slits kEsidenentry intottize wedmbtbirthis ahgie wihll doé yfiom one
sl ot depending o ° e | gaty 45°. Wherah OpFas el
outlet end 142 ty%;ﬁoga on'hgg gtsaﬂ-éagt 'létgrthUt one asgggee\/\gg ﬁ%:‘»& €
correspondi ng wi taFSeRlYeisngabetitanentry, the gngle,will BeJ%eat®y 152 of

the second nozzl efdp exkhfple, from about exartl about 608, seropreferankytip
150 has two fron?'a%%gﬁt §4oSEL gphdie: 44 1eR, ri’?o&n' éﬁ&xeogak Ced ! dhdgtd W |
have |east two correspondi ng ogenL™ sopassa{gewa)és° 457"A2 row of
passagewa}Q 145 &h'b®% £3PBcaRoBY #5s|tq about 35°. For bottom entry

configurations, the angle is typically toward the centre
of the riser reactor from the longitudinal axis of the
steam conduit. This angle for the second nozzle tip
elongated slits in the outlet end will substantially

15 equal the angle for passageways in the outlet end of the
first nozzle tip.

Typically, where the nozzle assembly is a side entry
into the reactor the angle between the central
longitudinal axis of the inner tube and the central

20 longitudinal axis of the reactor will be from about 0°,
or about 3° to about 45°.

Reference is made to Figure 9 showing a longitudinal
partly-sectional view of a side entry reactor
configuration. The feed nozzle assembly 100 according to

25 the present invention is arranged in the side wall 380 of
a reactor 390, which side wall is internally lined with
heat insulating material 395. The feed nozzle assembly
100 comprises a housing 400 in which are arranged the
outer tube 115 and the inner tube 105. In the embodiment

30 as shown, the angle between the central longitudinal axis
136 of the inner tube 105 and the central longitudinal
axis 410 of the reactor 390 is 45°, and the angle between
the planes 146 and 156 defined by a row of passageways
145 and defined by an elongated slit 155, respectively

35 and the central longitudinal axis 136 of the inner tube
105 is 30°.



Typical ly the passageways 145 in the first nozzle tip 140 wi |
consi-st—of atleast-—aonerow of small . holes which Line up with each
correspondi ng elongated slit 155 in the second nozzle tip 150.
However, the first nozzle tip 140 30 may have nore than one row of

hol es correspwodse®ser 0 each . elongated slit 155 in t hecwrPssntol00zzl e
tip 150. The angle formed fromthe centre of the done-shaped
outl et end 152 of the second nozzle tip 150 through the | engt h of

the elongated slits 155 is preferably 35 _ qjsubstantially contiguous wth

gsd outlet end_142
ed by a row of

PCT/ EP96/ 01010 passageways 145 and the central longitudinal axtiez186 é6fp

140 t hr ough the Hfgﬁﬁ}Qﬁm{Oﬁbgf%9a§§ﬁgﬁéptialﬁf d@ﬂfiqﬁéﬁf pith the

the angle fornmed fromthe centre of the done-sha
of the first The \pnadg/ between the plane 146 defi

Sui tably outer tu di ane

0.25 m(2-9 mche%‘)QQ)

atweeno the; Blane 156 defingd by an)edenpated £ibkn

0.12 to 0.8 m (5-155 naftethe central londieudind brena & i36dofethbapaneput | et

gggrelgﬁag];dt e tu%%tﬁoendr&%? a}lﬁ'ﬁ%l‘?l rs%(i eé&?&{&ﬂ%ﬁy%%gohggeg

subst anti al | y uniebrihe ivdd leavihranthe passagenaysn ﬁdis directed

towards the elongated slit(s) 155.

?edto

The feed nozzle assembly of the present invention is
10 suitable for both bottom entry and side entry feed
configuration riser reactors. In the process of
renovating a side entry configuration riser reactor,
optionally, only the nozzle and associated steam and feed
conduits are replaced. In bottom entry configurations,
15 the nozzle of the invention is particularly beneficial in
economic savings. There is a very high cost associated
with renovating a bottom entry riser reactor into a side
entry riser reactor. The renovation may be uneconomical
if the improved performance of a side entry reactor is
20 offset too much by the high renovation costs. Using the
nozzle of the invention this economic problem is
overcome. A bottom entry riser reactor can remain so and
still have the benefits of a side entry riser reactor. In
this embodiment of the invention the feed and steam
25 conduits will rise, optionally, parallel to the wall and
along the outer circumference of the inside of the riser
reactor. The nozzle with angled outlets are then attached
to the respective steam and feed conduits. This, in
effect, simulates a side entry riser reactor without the

30 high cost of actually having side entry.

Reference is now made to Figures 10A and 10B which
depict a known nozzle 3 from European patent application
publication No. 423 876. This nozzle 3 is used in the
Experiment discussed in the illustrated embodiment

35 section below in comparing performance of it against an
embodiment of the feed nozzle assembly of the invention.



10- heavy petrol eum hydrocarbon into a catal ytic cracking

reactor. Suitably the distance between the done-shaped outlet end
152 of the second nozzle tip 150 and the dome- shaped outl et end
142 of the first nozzle tip 140 is typically fromabout 0.006 to

0.030 m (0. 25w 98as4nches). 15 The first nozzle ti ppdxeresmato xedl y
attached to the outlet end 130 of the inner tube 105, the attachnent
S by any conventional neans such as a threaded connection or
a wel ded connection. Such connection is also2 - applicable to the

second nozzle tip_150 attached to th 0 te e 115,

ptional ly, an er &8 SHOMBsiR HIGUERS grq%hla'\ds 1§§éd{:§§ nown nozzle, A N3K, 153
(see Figure 5C) atopeneendedseorsduitse Trfeas hydrocarboh feéed candhan auitdr t s
155 and the out!elegad 352¢gE {0éam which sHEEBUAABORAE Ccbhduied 7 T cal |y,

such areas are the e elon ed ts 155 and out,l et
end 152 in whigh 48t € ??F’c%ﬁ e td g@s §Uc#‘?)a?‘ﬁ?ﬂ' é‘s"rﬁﬂ\%
abrasive argl thus 'Iarmaabomummpbsmidmtnm&trd :Syfprothagpassage of t$teedn f e of

the outl et end. A €ofd (¥%(NF resistant material is
STELLI TE, trade na”‘i’?'{‘\(‘mRE ofite? &

a serie wi.t h cgbal chr.om um
tungsten and nol ybdendhe 1nvent1941%§uqqﬁﬁ?eﬁfaﬁ ¥iB d in thé' te116win ng
Ref erence i s now nAdesteatiger emodimertsh@he dllustrative oembddiment d@rean

al ternative of t hefo@ﬁl@%@?ﬁél? tplnfzg?sécf qnl[f%gglggeSHBE‘“lﬁﬁfdéﬁ"t?o SC.

In this enbodi ment I's integrally connected
at one poi ke limitrthe srepetaf (e sinvention de §F¥uﬁ?ﬂral strength.

In the following illustrative embodiment an
experiment was run to compare the numerous performance
factors which resulted from operation of one embodiment
of the feed nozzle assembly of the invention as shown in

15 Figures 1-5 with that of known nozzle as depicted in
European patent application publication No. 423 876, as
depicted in Figures 10A and 10B.

For simplification of the experiment air and water
was used rather than steam and a heavy petroleum

20 hydrocarbon. Air was fed into the steam conduit and water
was fed into the heavy hydrocarbon petroleum annular
conduit. Feed rates, feed pressures, and temperatures
were substantially the same for each nozzle.

Table 1 gives the résults of the experiment.



WD 96/ 27647 PCT/ EP96/ 01010

-%—— ——>tpnthe—feed nozzle—assenbly—as_descri bed w th

reference to Figures 1-6, the plane (not shown) defined by a row of
passageways 145 is substantially parallel to the central

| ongi t udi nal we62?6826 (see Figure 1) of the 5 I nner t ulRECTEPS6/0181050 t he
pl ane (not shown) defined by an el ongated slit 155 is substantially
parallel to the central |ongitudinal axis 136 of the inner tube
105. However, there are applicatidmns, for exanple for

ri Ser reactors wigQuyT egbLyy égaafa&'%agmg%ndsmaan tle xnowfi%fed N

adj ust nent of the |nJect|on an I res expensive
nodi fi cati ons of DORE &pBﬁFﬁPB%Y apd the f334M§ﬂ4&1FhéF§FBPéYbésd@%$¢%&h%ﬂto

be able to only &ﬁnhaeeference téd Pidwexesk Nzl e in order to adjust the feed
i njection angl € W t hout ?goﬂﬁeﬂ 9 o 0T NEr "equr peENL ModiT1catréns.
| i petle; Fgea A5z

15 Reflerence i s now nmade Whi ch showp
sectional viey of an alternative Surpneaaomtm;mpli- assepblycef cbhe 140

of the first rlozzle as shown in Ficg@eién4publicatioll aWn} §Avantlibher ent

scale. In thejenbodi nent shown, IR 423 8 angl e betwegn the plane 146
defined by a riew—ei—passage—=220 . 125—%%&#44%%4}HH#%H—44¥ﬁﬁ4ﬂﬂﬁhma|
axis 136 of tHe i nner tubpe (not shomm) is in ;ha range of from
3[err] to 60[erﬂ oplet Size Vhere Qégﬂﬂéﬁie assenbly I's gxéégfgﬁgtry i ntlo
t he I g - H—be—rromatout——oT apotut—o—to"
about 45[ err] .| SEra¥e Uniformdgynoy PrerassBigh yspray bott piKkgsllent »ntry,
the angle will| be greater, for ejdaepsetylinnmaboiple Uniform spray
discrete jets, low density
spray density between
jets
Riser Reactor Fair Excellent - 50%
Coverage : greater than

known nozzle

Expansion of Spray| Poor Excellent -
Fast expansion
of fan spray

Contact Zone Poor - Multiple layer |Excellent -
contacting Single layer
contacting
Operation Window Fair - Limited Excellent -
turndown Unlimited
turndown
Compactness Fair Excellent - 30%

reduction over
known nozzle




O[err] to about 60, or preferably from about 15 to about 45[err], or

from about 20 to about 40, or f+oem-about 25 to_ about 35. For bottom
entry configurations, the angle is typically toward the centre of
the riser reactor fromthe 30 | ongi tudi nal axis of the steam conduit.
Thi s angl e Wax96/27647 the first nozzle tip passageways i nPCivEPssoadtot end
w | | substantially equal the angle for elongated slits in the

outl et end of the second nozzle tip. Reference is further made
to Figure 8 showing a 35 sectional vikw-of an alternative of the

done- shaped TableO¥! &t ) ORdh t3e02Nd Eaﬁﬁéﬁ%%!?fgpg%‘%&% He"

WO 96/ 27647
- 10 - Fkpare £eed \pRA%:S, assembly andethecfeed oRzip assembly
defined by an_eksndeseribéd twithb rafeérieneectot Faures 1-5) ongi tudi nal axis

136 of the ifner tube (not sho 19(n6t§nig5bzzle' the rarlg&g& forﬁO?}]eBL:;(r; to

6[err]. Wier¢ the nozzle assenb % si de enty [ or
thirs angle wlll be from VPPN (Rtent; appddr :?QS#MU@M&P& 1.
Where the fe¢d nozzle aspeation ipubdl ivatien ent rlyindditciipgl e wil| be
greater, for exanple, frqﬂbabﬂyg éﬁé() about 60,{ or preferably
from about 1%—+e—eabett—~tsfer+i H-erabott—20—t-e—aBett
Operation Without {Poor - No atomization |Good - Can
Steam function as a
single phase
atomizer
Maintenance Poor - No access to Excellent -
steam orifices Direct access
to steam
orifices

As shown in the results above, the feed nozzle
assembly of the invention had a superior performance in 8
of the 9 categories.
The same experiment was done with the feed nozzle as
5 described with reference to Figures 7 and 8. Table 2
gives the results.



10

40[ err],

confHtgurat i ons,—t+he—anrgte i s typically—toward the centre

ri ser

reactor fromthe | ongitudina

-angl e for the second nozzle tip

will
end of the

subst antwelsk/g76ab

equal

first nozzle tinp.

nozzl e assenbly is a side entry

t he central
| ongi t udi nal

| ongi t udi nal
configuration.
pr esent

390, which sids
395. 1

mat eri al
in which are ar
t he enmbodi nent

axis

146 and 156 def
el ongated slit

136 of the i nnduopdet

axi s
about 3 to about

13
axis 410 of ths

| ongi t udi nal

axis of the

st eam condui t .

or fromabout 25 to about 35. For bottomentry

of the

Thi s

el ongated slits in the outlet end

the angl e for passageways i RCI/EPosmastoct
Typically, where the

into the reactor the angle between

axis of theldbnmner tube and the central

I%Bl%hﬁ "Reghits ‘&6#' ll"on%{a‘}'l‘s%ﬁo%t%gﬁglhe

20
fékfd

ure oW n

nozz3g; apgerbLY| AR the dResk NSZE]AcABAERYLY cas (apsCribed

Therifthedetferehee ats erigurek0T andosdi ng to 25 t he
invention is arranged in the side wall 380 of a reactor
| IICAL I—IIJUI (ALillu

he feed nozzl e ass¢kppyn Nozzle: 100 conpr Eesdan¢mmb¢ng 4&0
ranged the zu&sﬁew%ééz& adpbitihe| hosembiyher 49 |1 N
30 as shown, t gg ‘5? ween t he ce1tral {ﬂ?fgltudl n&l
6 of the inner tub cf % T8 QﬁﬁRQEﬂ | b

reactor 390 is 45| Nend42BeBEMmal e bet ween t he pl apes

ze 105

F;:gcthent

ined by a row of pgssageways

145

and defined by an

o tirecentTat

FoTTgT rodTTTat—axy S

Excellent

Spray Uniformity

Poor - High spray

density in multiple

discrete jets, low

spray density between

jets

Excellent -
Uniform spray
density

Riser Reactor
Coverage

Fair

Excellent - 50%
greater than
known nozzle

Mixing with
catalyst

Poor mixing

Excellent -
Fast mixing

Contact Zone Poor - Multiple layer |Excellent -
contacting Single layer
contacting
Operation Window Fair - Limited Excellent -
turndown Unlimited
turndown
Compactness Fair Excellent - 30%

reduction over
known nozzle

Operation Without
Steam

Poor - No atomization

Good - Can
function as a
single phase
atomizer
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- 11 - The angle between_the plane 146 defined by a row of

passageways 145 and the central |ongitudinal axis 136 .of t he i nner

tube 105 is substantially contiguous with the angl e between the

pl ane 156 defwoadnigsran el ongated slit 5 155 and t he cep&tRpboswoiolo

| ongi tudi nal axis 136 of the inner tube 105, so that during nornal

operation the direction of the fluid |leaving the passageways 145 is

directed towards the elongated slit(g)p 155. The feed

nozzl e assenbly of theégreseng lnvention is_10 sui table for both bottom

entry and side enfagle edcont’d) . cBASRYLS 2T dh qamRaAriseRcperween thee

process of kriesno \VEddd oz z3 edasseamp)y cand | tthe dfldednnozzte assembly

optionally, only Jhe iz pudefspaetabice te ¥Rl 9°dng ¢, cONuits
0

are replaced. In ttomentry configurations, the nozzle of the
invention is pacticularly heneficial in. - i

a very high cot associ at ed Known Nozedevati ng a bjFeed ABkEYer i Ser

imaconom cal | it the i npr (EEFopePPoPRERhs RELISIREIBRBTYRE Bhs | |

20 © offset foo nuch by the hidiratdes pupbdicatien. UsiAgvension
nozzle of the |nvention this ecorjavg.c g230Rhem i s overcone. A botjtom
entry riser repCror can renain sq and StITT havg the benerits ol a

side entry ris . ; ; i i
feed and st eanjBéintenamamduits vﬁRdon'Fsz aptesesatoy,

Exgleléento-t he

and steam orifices Direct access
' to steam
orifices
Off axis injection|Not possible Possible

As shown in the results above, the feed nozzle
assembly of the invention had a superior performance in 8
of the 9 categories, moreover with the feed nozzle
assembly of the invention off axis injection is possible.
5 Small droplet size is important since surface is
increased. A uniform spray is desirable since this
results in uniform utilization of cétalyst. The coverage
of the spray in the reactor is significant since the
greater the coverage the greater the contacting with the
10 catalyst. A quick expansion of the spray is required to
obtain contacting with more catalyst. A single contact
zone of the spray with the catalyst is important in order
to control the contact time of the catalyst with the
feed. The "operation window” refers to the range of the
15 ratio of steam to hydrocarbon feed over which the nozzle
can effectively operate. A large range is desirable since
fluctuations routinely occur in steam availability during
normal refinery operations. Operation without any steam
flow is useful in the case of a total steam outage. It is
20 " very useful in reducing turnaround and down time to be



al ong the outer circunference of the inside of the riser reactor.

The-nozzl e wi-th—angted—out | et s are—ther—attached- to the respective
steam and feed conduits. This, in effect, sinmulates a side entry
riser reactor wthout the 30 hi gh cost of actually having side entry.
Ref erence i sW@9#276lle to Fi gures 10A and 10B which RETITEPP6/61010n OWN
nozzl e 3 from European patent application publication No. 423 876.
This nozzle 3 is used in the Experinment discussed in the

il lustrated enbodi nent 35 section belewl?nconparing performance of it

agai nst _an abl%”QBdhgggtq&QCﬂrg%ééﬁgjtQP%ibesé%%ﬁ&ﬁb%f%&s%ggiﬁggentiOn'

WO 96/ 27647 :
- 12 - As they\maynsepetines fpcong ohsruckedy n¥areaves| @ fashs

open- ended conduhﬁalagfaf Bydr peed i ferh 1yt saisodegirable to Sy@weride f or
st eam whi ch surr$%ﬂp§ e conduits 7 and which is closed at its
downst r eam end outer conduits 5 have nultlgle side inlets 8 for
the passage of steanthe fine FWQHRQ%ﬁ?(ﬂHﬁ&UF§p§é§SEB through the figpd

invention is furindezidesatletdinto e fedtdalwitig¢ crackingi kéastoal i ome
embodi ments. The 'lhéik ?E'%ﬁsnnb%?iémggséﬂﬁiy of thlsffﬁvéﬁkfgﬁrf% tﬁ%t,

pur poses only an&’e
.for example, where two outlet elongated slits are used,

two sheet-like fans of spray are produced which, possibly
10 due to a vacuum effect between them, converge into one
sheet while still in close proximity to the tip or
outlet. Thus, fine atomization is obtained while also
achieving a desirable uniform spray pattern, i.e., a flat
sheet when the nozzle outlets are straight lines. It is
15 noted that theorization as the scientific principle which
produces the single sheet of spray is not meant to limit
the invention as other explanations may be applicable.



10- limt the scope of the invention in any way. In the

followng illustrative—eabodi nent—an experinment was run to conpare
t he nunerous perfornance factors which resulted from operation of
one enbodi nment of the feed nozzle assenbly of the invention as
shown in 15 woos/fsepures 1-5 with that of known nozzle as depeRkmgoioio
Eur opean patent application publication No. 423 876, as depicted in
Fi gures 10A and 10B. For sinplification of the experinment air
and wat er was used rather than steam and a heavy petrol eum 20
hydrocarbon. Air was fed into the steam cond8it and water was fed
i nto the heavy hydrocarbon petrol eum annul ar conduit. Feed rates,
feed pressures, and tenperatures $g§§L§g§tE§tantially t he sane for
each nozzl e. Table 1 gives of the experinent.
WO 96/ 27647 PCT/ EP96/ 01010
- 13 - Tabl e 1, ﬁﬁ&‘é'eﬁsneizﬁecﬁgﬁ&ﬁb rfdi:etﬂﬁ%dhﬁgngnaﬁg ff@ﬂ
nozzl e assenbly and nozzl.e, assg 25, desqr t
reference to Fi gt s San] 8801 1 iqui %?Mﬁr °Ngz2PBVY Petroleypqq
nozzl e hydrocarbon.Eanupeanveasaﬁw foplexampdecabatalytbe
cracking reactor, which feed nozzle assembly comprises:
5 (a) a nozzle body having a substantially cylindrical

inner tube defining a gas conduit and an outer tube

arranged around the inner tube, wherein the outer surface
of the inner tube and the inner surface of the outer tube
define an annular liquid conduit, and wherein each of the

10 tubes have an inlet end and an opposite outlet end;

(b) a first nozzle tip fixedly attached to the outlet end
of the inner tube having a substantially cylindrical
inlet end attached to the outlet end of the inner tube
and an opposite dome-shaped outlet end, which dome-shaped

15 outlet end is provided with at least one passageway;

(c}) a second nozzle tip fixedly attached to the outlet
end of the outer tube and arranged around the first
nozzle tip, which second nozzle tip has a substantially
cylindrical inlet end attached to the outlet end of the

20 outer tube and an opposite dome-shaped outlet end
provided with at least one elongated slit having
substantially parallel walls, which the dome-shaped
outlet end of the second nozzle tip extends beyond the
dome-shaped outlet end of the first nozzle tip.

25 2. Feed nozzle as claimed in claim 1, wherein the first
nozzle tip is provided with a plurality of passageways
arranged in at least one row, wherein the angle formed
from substantially the centre of the dome-shaped outlet
end through the length a row is from 45° to 120°, and

30 wherein the angle formed from substantially the centre of
the dome-shaped outlet end of the second nozzle tip
through the length of the elongated slit(s) is sub-

* [ L M S *



cation publication I nvention No. 423 876

Droptet—Sirze——Excettent S = V-~ M E-Ye\ Spray—niformty Poor
- High spray Excel l ent - density in multiple

Uni f orm spr ay discrete jets, |ow density

spray densi WO %&76dden jets Ri ser ReZQEmEPI6/01016-ai r
Excellent - 50% Coverage greater than
known nozzl e Expansi on of Spray Poor Excel l ent -

Fast expansion - 19 - of fan spray

Contact Zone stJﬂ¥¥ellyw%bht@bﬁoﬁQYﬁithE%ﬂé”éﬂaﬁe'formed from the

contacting

Contacting  CpeieRYEh O aGWAGRAr shaped Qutlet end of EpeofigAf pozzle

t ur ndown tip thrdughrthedlength of the row(s).
turndown  Conpaging§Rg nozzlEaEE claimed in claim 2, EhekkfA! the 3816
reducti on_over ozzle

. 5 formed from the centre of the dome-shaped outlet end

through the length of the row(s) is from 75° to 105°.
4. Feed nozzle as claimed in claim 2 or 3, wherein the
passageways in the first nozzle are arranged in two or
more rows, and wherein the outlet end of the second

10 nozzle tip is provided with two or more slits.

S. Feed nozzle as claimed in any one of the claims 2-4,
wherein the plane defined by a row of passageways is
substantially parallel to the central longitudinal axis
of the inner tube.

15 6. Feed nozzle as claimed in any one of the claims 2-4,
wherein the plane defined by an elongated slit is
substantially parallel to the central longitudinal axis
of the inner tube.

7. Feed nozzle as claimed in any one of the claims 2-4,

20 wherein the angle between the plane defined by a row of
passageways and the central longitudinal axis of the
inner tube is in the range of from 3° to 60° and suitably
in the range of from 15° to 45°, and wherein the angle
between the plane defined by an elongated slit and the

25 central longitudinal axis of the inner tube is in the
range of from 3° to 60° and suitably in the range of from
15° to 45°.

B. Feed nozzle as claimed in claim 7, wherein the angle
between the plane defined by a row of passageways and the
30 central longitudinal axis of the inner tube is
substantially contiguous with the angle between the plane
defined by an elongated slit and the central longitudinal
axis of the inner tube. :
9. Feed nozzle assembly as claimed in any one of the
35 - claims 1-8, wherein the passageways in the first nozzle
tip consist essentially of holes.

* c L M H *
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- 14 - Table 1 (cont'd). Results_of a conparison between the known
feed nozzl e assenbly and the feed nozzle assenbly as described with
reference to Figures 1-5. Known Nozzl e: Feed
nozzl e WO 96/27647 - European patent appli- assenbly mfraro601010
cation publication I nvention No. 423 876 Operati on Wt hout
Poor - No atomi zation Good - Can St eam

function as a - 20 - si ngl e phase

atom zer Mai nt enance Poor - access to . . Excellent -
steamorifices 10. Fegq ,x@azlgcegggmgfy as cfa:.med in any ohe of the

to steam claims 2~9, wherein each row comprises @& ipfiugaed ity of As

shown in the resu %ggy t f PZZE ForsP bk ity sHe thBY§NEHON
had a superi or pe*’%%? nca?sl'nl@e ﬁﬁﬂ§§ tﬁee%a%%?egorl es. g Thg sane
experi ment was dofBewFange HEPedd tRoz2re as described with reference to

Figures 7 and 8. Tabl Peéd nozzlievessehblyecas|¢kaimed in any one of the
claims 1-10, wherein the second nozzle tip is provided
with an overlay consisting of an erosion-resistant
material at erosion sensitive areas of the elongated
slit{s) and the outlet end of the second nozzle tip.

* C L M S *
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- 45— Table2—Results of —a—ecorparsen—between-t helknrevwn—+eed—m——

nozzl e assenbly and the feed nozzI e assenbly as descri bed W th
reference to Figures 7 and 8. Known Nozzl e:
Feed nozzl e WO096/27647 Eur opean patent appli- as®PEHEPINIPIL he
cation publication I nvention No. 423 876
Dropl et Size Excel | ent Excel | ent Spray Uniformty
Poor - High spray Excel l ent - _ density in
‘multiple Uni f orm spr ay di screte jets, |ow
density spr ay dens1t bet ween
jets Ri ser Reactor Fai r Excell ent - 50%
Cover age 152« | 1 greater than
known nozzl e M xi n?d\st h oor é’n Xi ng Excel l ent -
140 150
151
N
310 | 141
. AtH—130 100
N
z N\
III | \
N N
N
115
N
105

otnd o Ty

ittt 2kl & 2T T T Ty
T O R LW W WL TR W W W T W W W W W WL W WL W W W, W, Y

120

1/
125 FIG.1

SUBSTITUTE SHEET (RULE 26)



cat al yst Fast m xi ng Cont act Zone

- Poer——Mi-tiple-layer Excel |l ent—= cantacting
Single | ayer contacti ng
Operation Wndow Fair - Limted Excel l ent -

t ur ndown WO 96/27647 Unlimted PCI/EP96/01010

t ur ndown Conpact ness Fair Excell ent - 30%
reduction over known nozzle
Qperation Wthout Poor - No atom zation Good - Can St eam

function as a si ngl e phase
at omi zer VO 96/ 27647 2/7

PCT/ EP96/ 01010 - 16 - - Table 2
(cont'd). Results of a conparison between_the known feed nozzle

assenbly and the fe?erlz assaﬁlﬁ\ 1@%“ bed with reference to

Figures 7 and 8. q@égs Feed

nozzl e
1?\0 152
/|
i.g ‘ 150
140
§ 145 142
\
NAEL
N 135
o N 141
/ '\\
:: \_2;365 :: \\ 130
1ms ] 7N
\N1os[/ 106 4 N1s
\/- — |/ A~
’ 1 0
/ AN
%310 310~ N
2] AN

SUBSTITUTE SHEET (RULE 26)



Eur opean patent appli- assenbly of the
bl . . .

cation
Q7

423 6

p n
Mai nt enance Poor - No access to Excel | ent
steamorifices Direct access

to steam WO 96/27647

axis injection Not possible Possi bl e
the results above, the feed nozzle assenbl y

superior performance in 8 of the 9 categorie

feed nozzle assenbly of the | tion of f ax
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- 17 - . abl e_to.have qui ck—access—t-g—the—steam or ifHees—s+nee

they may sonetines becone obstructed. Moreover a fast m xi ng of the
feed and catal ysts is desirable to vaporize the feed. 5 The
fine two- phaseygwgehewre passes through the feed nozzl e PEHERPEGHOIPHY o
the catal ytic cracking reactor. One benefit of the nozzle assenbly
of this invention is that, for exanple, where two outl et el ongated
slits are used, two sheet-like fans of spray are produced which,
possi bly 10 due to a vacuum effect between them converge into one -
sheet while still in close proximty to tw 7p outlet. Thus,
fine atom zation is obtained while al so achieving a desirable
uniformspray pattern, i.e., a flat sheet when the nozzle outlets
are straight lines. It is 15 = oori zation as the scientific

principle which . m’ll,”’,’* of spray is not neant to
i m t the i nventd)o 7= 8. expl anati ong nmay be applicabl e.
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- 18 - ' Cl AL MS 1__A feed

nozzl e assenbly for introducing gas, for exanpl e steam and liquid,
for exanple a heavy petrol eum hydrocarbon, into a vessel, for
exanpl e a cakw) dinésr cracking reactor, which feed nozcrErssmenbl y
conprises: 5 (a) a nozzle body having a substantially cylindrical

i nner tube defining a gas conduit and an outer tube arranged around
t he inner tube, wherein the outer surface of the inner tube and the
i nner surface of the outer tube define an annular liquid conduit,
and wherein each of the 10 tubes have an inlet end and an opposite
outl et end; (b) a first nozzl /? fixedly attached to the outl et
end of the inner tube having s@ibstantially cylindrical

inlet end attached to the outlet end of the inner tube and an
opposi te done-shaped outl et end, which done-shaped 15 outlet end is
provided with at | east one passageway; (c) a second nozzle tip
fixedly attached to the outlet end of the outer tube and arranged
around-the first nozzle tip, which second nozzle tip has a
substantially
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cyl.indrical inlet end attached to the outlet end of the 20 outer tube

and —an opposite done-shaped outl et—end provided with-at least one
el ongated slit having substantially parallel walls, which the

dorfe- shaped outl et end of the second nozzle tip extends beyond the
done- shaped outwedsaeed of the first nozzle tip. 25 2. FeatTEPG010100S
clainmed in claiml1l, wherein the first nozzle tip is provided with a
plurality of passageways arranged in at |east one row, wherein the
angl e formed fromsubstantially the centre of the done-shaped outl et
end through the length a rowis from45[err o 120[err], and 30

wherein the angle forned fron1substantiallg§yﬁz centre of t he

dome- shaped outl et end of the second nozzl i t hrough the length
of the elongated slit(s) is sub- WO 96/ 27647

PCT/ EP96/ 01010 - 19 - stantially
contiguous with the angle for centre of the done-shaped
outlet end of the first nozzle t he 'ems Of¢=t he row(s).
3. Feed nozzle as clainmed in cl erein the angle 5 formed from
the centre of the done-shaped d t hrough the length of the

roms) i's from75[err] to 105[4 /
136 .
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4.. Feed nozzle as clainmed in claim2 or 3, wherein the passageways

inthe first nozzle are arranged_in.twn ar more rows _and wherein
the outlet end of the second 10 nozzle tip is provided with two or nore
slits. 5. Feed nozzle as clainmed in any one of the clainms 2-4,
wherein the pwowndahi ned by a row of passageways is PEUWiEPbGIdI0al | Y
parallel to the central |ongitudinal axis of the inner tube. 15

6. Feed nozzle as clained in any one of the clains 2-4, wherein the
pl ane defined by an elongated slit is substantially parallel to the
central |ongitudinal axis of the inner tube. 7. Feed nozzle
as clainmed in any one of the clainms 2-4, 2&{3 wherei n the angl e between

t he pl ane defined by a row of passadefays and the central

| ongi tudi nal axis of the inner tube is in the_range of from 3[err]
to 60[err] and suitably in the range of fropf45 to 45, and wherein
the angle- bet ween the pl ane defined by angated slit and the 25
central longitudinal axis of the inner tube ig/5" . range of from
3 to 60 and suitably in the range of from

8. Feed nozzle as claimed in claim7,3whg Syl e bet ween t he
pl ane defined by a row of «passagewa - N central | ongitudinal
axis of the inner tube is 2 [ guous with the angle
bet ween t he pl ane asf i qt and the central

| ongi t udi nal . aX A of

assenbly as clained in any’o
passageways in the first
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22— ---1o—Feed—rozzle asseﬁds-l—y—&s—el—a-l—n%d—}—n any ore—ef—the
clal ms 2-9, wherein each row conprises a pluralit passageways,

t he nunber of passageways bei ng suitably
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11. Feed nozzle assenbly as claine
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(54) Title: FEED NOZZLE ASSEMBLY
(57) Abstract

first nozzle tip (140).

A feed nozzle assembly (100) for introducing steam and a heavy petroleum
hydrocarbon inte a catalytic cracking reactor, comprising: (a).a nozzle body (101) having
an inner tube (105) defining a gas conduit (106) and an outer tube (115), wherein the inner
tube (105) and the outer mbe (115) define an annular liquid conduit (116), and wherein
cach of the tubes (105, 115) have an inlet end (120, 125) and an opposite outlet end
(130, 135); (b) a first nozzle tip (140) fixedly attached to the outlet end (130) having a
dome-shaped outlet end (142) provided with at least one passageway (145); (c) a second
nozzle tip (150) fixedly attached to the outlet end (135) having a dome-shaped outlet end
{152) provided with at least one elongated slit (155), which dome-shaped outlet end (152)
of the second nozzle tip (150) extends beyond the dome-shaped outlet end (142) of the




